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Introduction {#jcpp12990-sec-0005}
============

Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder, with a prevalence of around 7.2% in children (Thomas, Sanders, Doust, Beller, & Glasziou, [2015](#jcpp12990-bib-0046){ref-type="ref"}). ADHD is characterized by symptoms of inattention, hyperactivity and impulsivity, and is associated with psychosocial impairment, poor academic functioning and psychiatric problems in children and adolescents (Faraone et al., [2015](#jcpp12990-bib-0011){ref-type="ref"}). Twin studies have shown that ADHD is highly heritable, but 10%--40% of the variance in liability is explained by environmental influences (Faraone & Larsson, [2018](#jcpp12990-bib-0013){ref-type="ref"}). In addition, the heritability estimate may include unknown amounts of environmental influences due to gene‐environment interaction, and it is important to identify environmental risk factors for ADHD, as these factors may represent targets for prevention.

Prenatal influences have received increasing attention as potential causes of ADHD (Latimer et al., [2012](#jcpp12990-bib-0028){ref-type="ref"}), mainly due to the hypothesis that prenatal exposures predispose individuals to disorders such as ADHD through fetal programming. Fetal programming refers to a process where factors in the intrauterine environment are hypothesized to influence the normal development of the fetus. Prenatal exposures, such as maternal stress, might permanently influence the structure, physiology and metabolism, causing long‐lasting changes that might predispose individuals to later disorders (Barker, [1998](#jcpp12990-bib-0001){ref-type="ref"}). Prenatal stress has been suggested to influence the child\'s neurodevelopment and later risk of developing ADHD through exposure to high levels of maternal glucocorticoids (stress hormones), through impaired intrauterine blood flow, or through DNA methylation (Barker, Walton, & Cecil, [2018](#jcpp12990-bib-0002){ref-type="ref"}; Van den Bergh, Mulder, Mennes, & Glover, [2005](#jcpp12990-bib-0047){ref-type="ref"}).

Different stressors, such as adverse life events, have been used to measure prenatal and early childhood exposure to stress. In a pioneer study from 1975, Rutter et al. showed that aggregated psychosocial adversity was associated with an increased risk of childhood mental disorders (Rutter, Cox, Tupling, Berger, & Yule, [1975](#jcpp12990-bib-0044){ref-type="ref"}), which has later been supported by several more recent studies (e.g. Bjorkenstam, Bjorkenstam, Jablonska, & Kosidou, [2017](#jcpp12990-bib-0004){ref-type="ref"}; Counts, Nigg, Stawicki, Rappley, & von Eye, [2005](#jcpp12990-bib-0009){ref-type="ref"}). However, in this study, we focus on exposures during the prenatal period in order to explore the fetal programming hypothesis. There are several studies showing an association between stressful life events during pregnancy and offspring ADHD (Class et al., [2014](#jcpp12990-bib-0007){ref-type="ref"}; Glover, [2011](#jcpp12990-bib-0018){ref-type="ref"}; Grizenko et al., [2012](#jcpp12990-bib-0019){ref-type="ref"}; Huizink et al., [2007](#jcpp12990-bib-0021){ref-type="ref"}; Kim et al., [2009](#jcpp12990-bib-0023){ref-type="ref"}; Laucht et al., [2000](#jcpp12990-bib-0029){ref-type="ref"}; Li, Olsen, Vestergaard, & Obel, [2010](#jcpp12990-bib-0031){ref-type="ref"}; MacKinnon, Kingsbury, Mahedy, Evans, & Colman, [2018](#jcpp12990-bib-0032){ref-type="ref"}; Motlagh et al., [2010](#jcpp12990-bib-0035){ref-type="ref"}; Park, Cho, Kim et al., [2014](#jcpp12990-bib-0038){ref-type="ref"}; Park, Kim, Kim et al., [2014](#jcpp12990-bib-0039){ref-type="ref"}; Rodriguez & Bohlin, [2005](#jcpp12990-bib-0042){ref-type="ref"}; Ronald, Pennell, & Whitehouse, [2011](#jcpp12990-bib-0043){ref-type="ref"}; Zhu et al., [2015](#jcpp12990-bib-0049){ref-type="ref"}). However, two studies did not find any statistically significant associations between adverse life events during pregnancy and offspring ADHD (Lee, Chang, & Lung, [2006](#jcpp12990-bib-0030){ref-type="ref"}; Rice et al., [2010](#jcpp12990-bib-0041){ref-type="ref"}). Both studies were based on small samples (70 and 205 respectively), which limits the studies' power to detect an association, and might explain why no statistically significant association was found. These differences indicate the need for a meta‐analysis on the subject. This discrepancy might also be explained by the variety in measures used, such as bereavement (Class et al., [2014](#jcpp12990-bib-0007){ref-type="ref"}; Li et al., [2010](#jcpp12990-bib-0031){ref-type="ref"}); experiencing an acute disaster (Huizink et al., [2007](#jcpp12990-bib-0021){ref-type="ref"}); self‐perceived stress (Grizenko, Shayan, Polotskaia, Ter‐Stepanian, & Joober, [2008](#jcpp12990-bib-0020){ref-type="ref"}; Motlagh et al., [2010](#jcpp12990-bib-0035){ref-type="ref"}; Rice et al., [2010](#jcpp12990-bib-0041){ref-type="ref"}; Rodriguez & Bohlin, [2005](#jcpp12990-bib-0042){ref-type="ref"}; Zhu et al., [2015](#jcpp12990-bib-0049){ref-type="ref"}); and cumulative stress (Laucht et al., [2000](#jcpp12990-bib-0029){ref-type="ref"}; Lee et al., [2006](#jcpp12990-bib-0030){ref-type="ref"}; Ronald et al., [2011](#jcpp12990-bib-0043){ref-type="ref"}). Since no study has compared the effect of different life events, it is unclear if ADHD symptoms in offspring are influenced by prenatal maternal exposure to stressful events in general (i.e. global stress), or if any specific event is particularly influential.

It is important to consider the mother\'s subjective experience of adverse life events as the same event might be perceived as very stressful for one individual, and not stressful for another. If prenatal stress has a programming effect on the fetus, the effect may be stronger if the mother perceived the event as stressful. The mother\'s perception of the events has only been considered in five previous studies in relation to offspring ADHD symptoms (Grizenko et al., [2008](#jcpp12990-bib-0020){ref-type="ref"}; MacKinnon et al., [2018](#jcpp12990-bib-0032){ref-type="ref"}; Rice et al., [2010](#jcpp12990-bib-0041){ref-type="ref"}; Rodriguez & Bohlin, [2005](#jcpp12990-bib-0042){ref-type="ref"}; Zhu et al., [2015](#jcpp12990-bib-0049){ref-type="ref"}). Only two of these studies were longitudinal and based on larger samples (MacKinnon et al., [2018](#jcpp12990-bib-0032){ref-type="ref"}; Zhu et al., [2015](#jcpp12990-bib-0049){ref-type="ref"}). MacKinnon et al. ([2018](#jcpp12990-bib-0032){ref-type="ref"}) found that prenatal exposure to high levels of stress was consistently associated with high levels of hyperactivity symptoms in 10,184 children followed from age 7 to 16. Zhu et al. ([2015](#jcpp12990-bib-0049){ref-type="ref"}) found that severe stress during pregnancy was associated with higher odds of having elevated levels of ADHD symptoms among offspring boys (OR: 2.41, 95% CI: 1.03--5.66) but not girls (OR: 1.33, 95% CI: 0.47--3.83), based on 1,765 four‐year‐old children.

Experiencing multiple adverse events (i.e. cumulative exposure) might be more stressful for the mother, which would likely increase the risk of offspring ADHD further. Only one prospective study has explored the effect of cumulative exposure to life events during pregnancy in relation to ADHD (Ronald et al., [2011](#jcpp12990-bib-0043){ref-type="ref"}). In that study, the authors found a significant association between the number of stressful life events during pregnancy and parent reported ADHD symptoms in two‐year‐old offspring, based on the Child Behavior Checklist (Ronald et al., [2011](#jcpp12990-bib-0043){ref-type="ref"}). However, since it is difficult to assess ADHD symptoms in small children, these findings need to be replicated in older children and with longer follow‐up time.

Although life events are usually considered to be external influences by the environment, it has been found that these events are to a varying degree dependent from the individual\'s own genetically influenced behavior tendencies (Kendler & Baker, [2007](#jcpp12990-bib-0022){ref-type="ref"}). Taken together with the high heritability of ADHD (Faraone & Larsson, [2018](#jcpp12990-bib-0013){ref-type="ref"}), and the fact that individuals with ADHD are more likely to experience adverse life events (Friedrichs, Igl, Larsson, & Larsson, [2012](#jcpp12990-bib-0015){ref-type="ref"}), it is possible that an association between prenatal exposure to life events and offspring ADHD is confounded by genetic factors that are transferred from the mother to the child. *Dependent* events, that is, events that are likely the result of the individual\'s own behavior (e.g. financial problems or divorce), are more heritable than *independent* events, that is, events that are probably unrelated to the individual\'s own behavior (e.g. death of a relative) (Kendler & Baker, [2007](#jcpp12990-bib-0022){ref-type="ref"}). Therefore, associations between prenatal exposure to independent life events and ADHD would be less likely confounded by genetic influences. Previous studies on the association between life events during pregnancy and offspring ADHD have failed to distinguish between dependent and independent life events.

In pure observational studies, it is difficult to distinguish direct effects of intrauterine exposures from genetic confounding, which make it difficult to draw causal conclusions. Other designs, such as sibling‐comparisons or cross‐fostering designs, have been suggested to reduce the amount of confounding (D\'Onofrio, Lahey, Turkheimer, & Lichtenstein, [2013](#jcpp12990-bib-0010){ref-type="ref"}). In sibling‐comparisons, unmeasured familial confounding shared between siblings is accounted for by comparing the risk of the outcome among exposed individuals and their unexposed sibling. The cross‐fostering design involves children born by in vitro fertilization (IVF) with egg donation. Since the mother provides the intrauterine environment but is not genetically related to the child, genetic confounding is excluded by the design. A retrospective sibling‐comparison study found that children diagnosed with ADHD had higher odds of being exposed to prenatal stress, compared to their siblings without ADHD (OR: 6.29, 95% CI: 1.45--27.26) (Grizenko et al., [2012](#jcpp12990-bib-0019){ref-type="ref"}). However, a cross‐fostering study found a statistically significant association between prenatal stress and ADHD symptoms only among children genetically related to their mothers, but not among unrelated mother‐offspring pairs (β = .163, *p* = .001, compared to β = .095, *p* = .25)(Rice et al., [2010](#jcpp12990-bib-0041){ref-type="ref"}), indicating that the association may, at least partly, be explained by genetic confounding. Furthermore, in two recent large sibling‐comparisons based on the longitudinal Norwegian Mother and Child Cohort Study, emotional distress during pregnancy was not associated with offspring emotional difficulties at 6 and 36 months (Bekkhus et al., [2017](#jcpp12990-bib-0003){ref-type="ref"}), or with internalizing and externalizing behavior at age 5 (Gjerde et al., [2017](#jcpp12990-bib-0017){ref-type="ref"}) after adjusting for familial confounds. Therefore, it remains uncertain if the association between prenatal exposure to adverse life events and ADHD symptoms in childhood reflects a causal association or if it could be explained by unmeasured genetic confounding.

We aimed to clarify if prenatal exposure to adverse life events within the family is associated with the risk of developing ADHD symptoms in childhood, and if such an association remains when adjusting for familial confounding (genetic and environmental).

Materials and method {#jcpp12990-sec-0006}
====================

Study population {#jcpp12990-sec-0007}
----------------

This study uses data from the Norwegian Mother and Child Cohort Study (MoBa; Magnus et al., [2006](#jcpp12990-bib-0034){ref-type="ref"}, [2016](#jcpp12990-bib-0033){ref-type="ref"}). MoBa is an ongoing longitudinal study consisting of 114,247 children (from 112,758 pregnancies) born in Norway 1999--2009. Mothers were approached during pregnancy and 41% gave their written consent to participate in the study. Mothers have been asked to participate in several questionnaires, both during pregnancy and during the child\'s upbringing. MoBa has also been linked with the Norwegian Medical Birth Register to retrieve information about pregnancy and delivery for study participants. The current study is based on version 9 of the quality assured data files released for research in November 2015. Mothers of 34,751 children (including 6,427 individual siblings from 3,186 families) participated in surveys during pregnancy week 30 and when the child was five‐years‐old (see Figure [1](#jcpp12990-fig-0001){ref-type="fig"} for a derivation of the analytical sample).

![Flow chart of participation in MoBa and derivation of analytical sample. MoBa, the Norwegian Mother and Child Cohort Study; MBR, the Norwegian Medical Birth Register](JCPP-60-665-g001){#jcpp12990-fig-0001}

The establishment and data collection in MoBa have been approved by the Norwegian Data Inspectorate (01/4325) and by the Regional Committee for Medical Research Ethics (S‐97045; S‐95113). The current study was approved by the Regional Committee for Medical Research Ethics (2014/440).

Measures {#jcpp12990-sec-0008}
--------

During pregnancy week 30, mothers completed a survey to report whether they had experienced any of the following life events during the last 12 months: problems at work or school; financial problems; divorce, separation, or end of a relationship; problems with family, friends or neighbors; serious illness or injury; someone close seriously ill or injured; serious accident, fire or robbery; or loss of someone close, such as a family member or close friend. Mothers also reported how emotionally painful or difficult the experienced events were (categorized as not too bad; painful/difficult; and very painful/difficult, separately for each event).

Prenatal exposure to adverse life events were primarily coded as binary variables (event or no event). We also combined all eight life events into a single binary variable to measure global stress (at least one event or no single event).

The potential influence of mother\'s perceived level of difficulty was considered by creating a four‐level categorical variable for each life event separately, coded as: did not experience the event; experienced the event, but did not perceive it as too bad; perceived the event as painful/difficult; or perceived the event as very painful/difficult.

We investigated the effect of cumulative exposure separately for life events considered as *dependent* (problems at work or school; financial problems; divorce, separation, or end of a relationship; problems with family, friends or neighbors) and *independent* (serious illness or injury; someone close seriously ill or injured; serious accident, fire or robbery; or loss of someone close), based on categorizations used in previous studies (Plomin, Lichtenstein, Pedersen, McClearn, & Nesselroade, [1990](#jcpp12990-bib-0040){ref-type="ref"}; Shakoor et al., [2016](#jcpp12990-bib-0045){ref-type="ref"}; Zavos et al., [2012](#jcpp12990-bib-0048){ref-type="ref"}). All dependent events were given a value of 0 (not having experienced the event) or 1 (experienced the event), which were summarized into a three‐level categorical variable, with levels 0, 1, and ≥2 events. A variable measuring cumulative exposure to independent life events was created in a similar manner, with levels 0, 1, and ≥2 events.

Parent‐rated ADHD symptoms at age 5 were assessed using the ADHD Index from the Conners' Parent Rating Scale --Revised: short form (CPRS‐R (S)) (Conners, Sitarenios, Parker, & Epstein, [1998](#jcpp12990-bib-0008){ref-type="ref"}). The ADHD Index has been shown to have excellent internal consistency with a Cronbach\'s alpha of .91 and good validity in predicting ADHD (Kumar & Steer, [2003](#jcpp12990-bib-0024){ref-type="ref"}). The scale consists of 12 statements, where parents are asked to rate to what degree the statements correspond with their child\'s behavior. The possible responses are: never/seldom (0); sometimes (1); quite often (2); and very often (3). The Cronbach\'s alpha was .87 in the analytical sample. We calculated a mean score of the 12 items (ranging from 0 to 3) for children with response to at least 80% of the items.

Information about sex, year of birth, maternal and paternal age at child\'s birth (categorized into 5‐year categories), region of birth, and parity (categorized as nulliparous, 1, 2, 3, or ≥4) was retrieved from the Norwegian Medical Birth Register.

Statistical analyses {#jcpp12990-sec-0009}
--------------------

We assessed the associations between prenatal exposure to adverse life events and ADHD symptoms at age 5 as mean differences in ADHD scores (and corresponding 95% Confidence Intervals, CI) in ordinary linear regression models. Maternal and paternal age at child\'s birth, region of birth and child\'s birth year were considered as potential confounding factors and therefore adjusted for in multivariable models. Cluster‐robust standard errors were used to account for nonnormality in data and dependence between observations. We analyzed the effect of being exposed to any life event, the influence of mother\'s perception of the events, and the effect of cumulative exposure to adverse life events (separately for dependent and independent life events) in a similar manner. Two of the events, *serious illness/injury* and *serious accident/fire/robbery,* have been treated as independent events in some studies (Plomin et al., [1990](#jcpp12990-bib-0040){ref-type="ref"}; Shakoor et al., [2016](#jcpp12990-bib-0045){ref-type="ref"}; Zavos et al., [2012](#jcpp12990-bib-0048){ref-type="ref"}), but might also be perceived as self‐inflicted and thereby dependent (Bolinskey, Neale, Jacobson, Prescott, & Kendler, [2004](#jcpp12990-bib-0006){ref-type="ref"}; Foley, Neale, & Kendler, [1996](#jcpp12990-bib-0014){ref-type="ref"}). Therefore, we re‐categorized these events as dependent in a sensitivity analysis.

To assess whether associations were confounded by unmeasured familial factors, we repeated all analyses in siblings, using fixed‐effects linear regression models to assess mean differences in ADHD scores among siblings differentially exposed to life events during pregnancy. Comparing exposure‐discordant siblings automatically adjusts for confounding from environmental factors shared by siblings (D\'Onofrio et al., [2013](#jcpp12990-bib-0010){ref-type="ref"}; Lahey & D\'Onofrio, [2010](#jcpp12990-bib-0025){ref-type="ref"}). Full siblings have the same parents, and in general, comparing full siblings adjusts for all parental genetic effects, and partly for offspring genetic effects (D\'Onofrio et al., [2013](#jcpp12990-bib-0010){ref-type="ref"}; Lahey & D\'Onofrio, [2010](#jcpp12990-bib-0025){ref-type="ref"}). Furthermore, exposure to maternal experience of adverse life events during pregnancy cannot be influenced by genetic characteristics of the offspring; thus, there is no risk of residual confounding due to offspring‐specific genetic factors. For two of the life events (separated/divorced and involved in serious accident/fire/robbery), there was too little variation within sets of siblings for sibling‐comparison analyses to be feasible ([Table S1](#jcpp12990-sup-0001){ref-type="supplementary-material"}). In sibling analyses, we adjusted for maternal age at birth, region of birth parity, and year of birth in multivariate models.

As siblings brought up together likely share more environmental factors the closer they are in age, we repeated the analyses stratifying for the age difference between siblings in a pair (1--2 years vs. 3--5 years) as a sensitivity analysis.

The generalizability of the results from siblings to the entire cohort was assessed by analyzing the associations among all siblings in the cohort as unrelated individuals, using ordinary linear regression with cluster‐robust standard errors. We also performed an attrition analysis where we estimated the associations between baseline characteristics (including exposure to life events) and nonparticipation at age 5 using logistic regression models.

Stata Statistical Software: Release 14 (StataCorp. 2014. College Station, TX: StataCorp LP) were used for all analyses.

Results {#jcpp12990-sec-0010}
=======

Table [1](#jcpp12990-tbl-0001){ref-type="table"} presents descriptive statistics of study participants. The mean ADHD symptom score (range: 0--3) was 0.36 (*SD*: 0.38; median: 0.25; interquartile range: 0.08--0.50), and children prenatally exposed to at least one life event had higher scores than unexposed children (mean score 0.40, *SD*: 0.39, compared to 0.32, *SD*: 0.35). The most common events were having problems at work (26.6%) and conflicts with friends/family (19.1%) ([Table S1](#jcpp12990-sup-0001){ref-type="supplementary-material"}).

###### 

Descriptive characteristics of study participants in relation to prenatal exposure to any life events in the family

  Characteristic                     Total (*n* = 34,751)   Exposed to any life event (*n* = 19,493)   Unexposed (*n* = 15,258)
  ---------------------------------- ---------------------- ------------------------------------------ --------------------------
  ADHD score at age 5, mean (*SD*)   0.36 (0.38)            0.40 (0.39)                                0.32 (0.35)
  Sex                                                                                                  
  Boy                                17,575 (50.6)          9,850 (50.5)                               7,725 (50.6)
  Girl                               17,176 (49.4)          9,643 (49.5)                               7,533 (49.4)
  Year of birth                                                                                        
  2004                               6,058 (17.4)           3,490 (17.9)                               2,568 (16.8)
  2005                               6,736 (19.4)           3,811 (19.6)                               2,925 (19.2)
  2006                               7,782 (22.4)           4,348 (22.3)                               3,434 (22.5)
  2007                               6,764 (19.5)           3,800 (19.5)                               2,964 (19.4)
  2008                               5,847 (16.8)           3,207 (16.5)                               2,640 (17.3)
  2009                               1,564 (4.5)            837 (4.3)                                  727 (4.8)
  Maternal age at child\'s birth                                                                       
  ≤19 years                          138 (0.4)              102 (0.5)                                  36 (0.2)
  20--24 years                       2,603 (7.5)            1,701 (8.7)                                902 (5.9)
  25--29 years                       11,229 (32.3)          6,353 (32.6)                               4,876 (32)
  30--34 years                       14,234 (41)            7,709 (39.5)                               6,525 (42.8)
  35--39 years                       5,789 (16.7)           3,186 (16.3)                               2,603 (17.1)
  ≥40 years                          758 (2.2)              442 (2.3)                                  316 (2.1)
  Paternal age at child\'s birth                                                                       
  ≤19 years                          48 (0.1)               35 (0.2)                                   13 (0.1)
  20--24 years                       1,087 (3.1)            759 (3.9)                                  328 (2.2)
  25--29 years                       7,495 (21.6)           4,321 (22.2)                               3,174 (20.8)
  30--34 years                       13,922 (40.2)          7,628 (39.2)                               6,294 (41.3)
  35--39 years                       8,607 (24.8)           4,683 (24.1)                               3,924 (25.8)
  40--44 years                       2,560 (7.4)            1,439 (7.4)                                1,121 (7.4)
  45--49 years                       709 (2)                420 (2.2)                                  289 (1.9)
  ≥50 years                          242 (0.7)              150 (0.8)                                  92 (0.6)
  Parity                                                                                               
  Nulliparous                        16,515 (47.5)          9,505 (48.8)                               7,010 (45.9)
  1                                  12,207 (35.1)          6,651 (34.1)                               5,556 (36.4)
  2                                  4,802 (13.8)           2,639 (13.5)                               2,163 (14.2)
  3                                  962 (2.8)              531 (2.7)                                  431 (2.8)
  ≥4                                 265 (0.8)              167 (0.9)                                  98 (0.6)
  Region of birth                                                                                      
  South/east                         19,223 (55.4)          10,955 (56.3)                              8,268 (54.3)
  West                               8,559 (24.7)           4,638 (23.8)                               3,921 (25.7)
  Middle                             4,967 (14.3)           2,747 (14.1)                               2,220 (14.6)
  North                              1,936 (5.6)            1,110 (5.7)                                826 (5.4)
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Results from fully adjusted linear regression models comparing ADHD scores among exposed and unexposed are presented in Figure [2](#jcpp12990-fig-0002){ref-type="fig"} (see [Table S2](#jcpp12990-sup-0001){ref-type="supplementary-material"} for results from both crude and adjusted models). Being exposed to any life event during pregnancy was associated with a mean increase of 0.07 (95% CI: 0.07, 0.08) in the ADHD score. All life events were associated with higher ADHD scores, with the strongest effect observed for *separated/divorced* (mean difference in ADHD score 0.11, 95% CI: 0.06, 0.15), *financial problems* (0.10, 95% CI: 0.09, 0.11), and *serious accident/fire/robbery* (0.10, 95% CI: 0.04, 0.15). The weakest effects were observed for *lost someone close* (mean difference 0.02, 95% CI: 0.01, 0.04) and *someone close seriously ill/injured* (0.04, 95% CI: 0.03, 0.05). Comparing exposure‐discordant siblings resulted in attenuated estimates where most events were associated with a mean difference of −0.03 to 0.03 in ADHD scores, although with wider confidence intervals compared to ordinary linear regression analyses (Figure [2](#jcpp12990-fig-0002){ref-type="fig"}; [Table S2](#jcpp12990-sup-0001){ref-type="supplementary-material"}). Furthermore, there were no longer any clear differences between specific life events. For instance, the mean difference for being exposed to any life event was −0.01 (95% CI: −0.03, 0.01), −0.03 (95% CI −0.07, 0.02) for *financial problems*, and −0.01 (95% CI: −0.05, 0.02) for *lost someone close* in adjusted models.

![Associations between prenatal exposure to adverse life events and mean ADHD scores at age 5, shown as beta‐values (with 95% confidence intervals) from fully adjusted models, separately for analyses on population level and from sibling comparisons \[Colour figure can be viewed at [wileyonlinelibrary.com](http://www.wileyonlinelibrary.com)\]](JCPP-60-665-g002){#jcpp12990-fig-0002}

For most life events, mean ADHD scores increased the more painful/difficult the mothers rated the event ([Table S3](#jcpp12990-sup-0001){ref-type="supplementary-material"}). For instance, *financial problems* were associated with an increase of 0.08 (95% CI: 0.07, 0.09) in mean ADHD score if the mother rated the event as not too painful; 0.14 (95% CI: 0.11, 0.17) if rated as painful; and 0.20 (95% CI: 0.14, 0.26) if rated as very painful, in adjusted models. No such clear pattern was found for the events *seriously ill/injured* and *someone close seriously ill/injured*. Comparing siblings resulted in estimates that were attenuated toward null and less precise (i.e. the 95% confidence intervals for the associations were wider compared with results from population‐level analyses). Furthermore, there were no longer any clear patterns with regard to how painful mothers perceived the event ([Table S3](#jcpp12990-sup-0001){ref-type="supplementary-material"}). For instance, *financial problems* were associated with an increase of −0.03 (95% CI: −0.08, 0.02) in ADHD score if the mother rated the event as not too painful; 0.00 (95% CI: −0.11, 0.11) if rated as painful; and −0.07 (95% CI: −0.26, 0.11) if rated as very painful, in adjusted models.

Figure [3](#jcpp12990-fig-0003){ref-type="fig"} presents the association between cumulative exposure to adverse life events and ADHD scores at age 5, separately for dependent and independent life events. Exposure to multiple events resulted in increasing ADHD scores both for dependent and independent events, but with stronger associations for dependent events (e.g. exposure to ≥2 dependent events was associated with an increase of 0.14 \[95% CI: 0.12, 0.15\] in the mean ADHD score, compared with an increase of 0.06 \[95% CI: 0.04, 0.08\] among those exposed to ≥2 independent events in fully adjusted models; see [Table S4](#jcpp12990-sup-0001){ref-type="supplementary-material"} for full results). When exposure‐discordant siblings were compared, there were no longer any differences between exposed and unexposed children, with estimates close to null, although less precise (Figure [3](#jcpp12990-fig-0003){ref-type="fig"}; [Table S4](#jcpp12990-sup-0001){ref-type="supplementary-material"}). Treating *seriously ill/injured* and *serious accident* as dependent events, instead of independent, did not change the results ([Table S5](#jcpp12990-sup-0001){ref-type="supplementary-material"}).

![Associations between cumulative exposure to (A) dependent and (B) independent adverse life events during pregnancy and ADHD scores at age 5, shown as beta‐values (with 95% confidence intervals) from fully adjusted models, separately for analyses on population level and from sibling comparisons \[Colour figure can be viewed at [wileyonlinelibrary.com](http://www.wileyonlinelibrary.com)\]](JCPP-60-665-g003){#jcpp12990-fig-0003}

Analyzing siblings born 1--2 years apart separately from siblings born 3--5 years apart mainly resulted in similar estimates ([Table S6](#jcpp12990-sup-0001){ref-type="supplementary-material"}). Analyzing siblings as unrelated individuals resulted in similar estimates as when the entire cohort was analyzed ([Table S7](#jcpp12990-sup-0001){ref-type="supplementary-material"}). Results from attrition analysis showed that higher parental age, parity, geographic region, and experience of some adverse life events during pregnancy of the child (financial problems; divorce/separation; conflicts with friends or family; and being involved in a serious accident) were associated with nonparticipation at the child\'s age of 5 ([Table S8](#jcpp12990-sup-0001){ref-type="supplementary-material"}).

Discussion {#jcpp12990-sec-0011}
==========

In this large prospective population‐based cohort study, prenatal maternal exposure to adverse life events was associated with higher levels of ADHD symptoms at age 5. However, familial confounding seemed to explain most of these associations.

At population level, the associations with ADHD symptoms increased if the mother had experienced the event as painful, which likely reflects how stressful the event was, whereas no such association was found when adjusting for familial confounding. This suggests that the associations were not driven by high maternal stress levels during pregnancy, but rather by familial factors. Moreover, cumulative exposure to adverse events was associated with ADHD symptoms in a dose‐response like fashion. However, these associations were attenuated toward the null in sibling‐comparison analyses, again indicating that unmeasured familial factors confounded the associations.

Dependent life events are more heritable than independent life events (Kendler & Baker, [2007](#jcpp12990-bib-0022){ref-type="ref"}), and thereby also more likely influenced by the individual\'s personality traits or genetic predisposition to ADHD. In this study, associations between adverse life events in the family during pregnancy and ADHD symptoms in offspring seemed to be stronger for dependent events (such as financial problems and separation/divorce), and weaker for independent events (e.g. bereavement and injury/illness in someone close), indicating the presence of genetic confounding. Moreover, results from the sibling‐comparison analyses consistently showed no association between prenatal exposure to adverse life events and ADHD symptoms in offspring. Therefore, these findings indicate that associations found in previous studies may have been confounded by unmeasured genetic or environmental influences.

Our findings are in line with the cross‐fostering study by Rice et al. ([2010](#jcpp12990-bib-0041){ref-type="ref"}), but not with the retrospective sibling comparison by Grizenko et al. ([2012](#jcpp12990-bib-0019){ref-type="ref"}) Both studies were based on small sample sizes (474 and 142 respectively), which is reflected by the wide confidence intervals in the study by Grizenko et al. (OR for the association between prenatal stress and offspring ADHD: 6.29, 95% CI 1.45--27.26). Furthermore, the association found in the study by Grizenko et al. might be explained by recall bias since exposure was retrospectively assessed in the study, and mothers' reports might therefore be influenced by whether their children expressed ADHD symptoms. Our findings are also similar to the results from two previous studies based on MoBa, where maternal distress (anxiety or depression) during pregnancy was associated with behavior problems in offspring at a population level, but not in sibling‐comparison analyses (Bekkhus et al., [2017](#jcpp12990-bib-0003){ref-type="ref"}; Gjerde et al., [2017](#jcpp12990-bib-0017){ref-type="ref"}). We expand further on these results by specifically assessing the effect of stressful life events on ADHD symptoms.

To our knowledge, this is the first study examining prenatal exposure to several specific life events in relation to ADHD symptoms, where both the mother\'s subjective experience of the events and exposure to multiple events has been taken into account. The study was based on a large longitudinal cohort. Comparing siblings allowed us to adjust for unmeasured genetic and environmental influences shared between siblings in a family.

Some limitations should be kept in mind when interpreting the results from this study. Self‐selection due to low participation could have introduced bias. Selection into the cohort has been shown to influence prevalence estimates for several pregnancy‐related exposures and outcomes, but not the association between these exposures and outcomes (Nilsen et al., [2009](#jcpp12990-bib-0036){ref-type="ref"}). Findings from a recent study suggest that participants in MoBa are representative for the general population with regard to ADHD, even though participants in MoBa have lower prevalence rates of diagnosed ADHD (Oerbeck et al., [2017](#jcpp12990-bib-0037){ref-type="ref"}). Participants in MoBa also have higher socioeconomic position than the general population (Magnus et al., [2006](#jcpp12990-bib-0034){ref-type="ref"}; Nilsen et al., [2009](#jcpp12990-bib-0036){ref-type="ref"}), and a recent Norwegian study found that families with lower socioeconomic position more frequently experience negative life events (Bøe, Serlachius, Sivertsen, Petrie, & Hysing, [2018](#jcpp12990-bib-0005){ref-type="ref"}). Since, early childhood exposure to financial difficulties has been associated with ADHD even after adjusting for familial factors (Larsson, Sariaslan, Langstrom, D\'Onofrio, & Lichtenstein, [2014](#jcpp12990-bib-0027){ref-type="ref"}), future studies are needed to investigate associations with adverse life events specifically among families with lower socioeconomic position to assess the generalizability of our findings. Due to the young age of study participants, and in order to increase statistical power, we relied on parent‐rated ADHD symptoms instead of clinical diagnoses. However, several studies have suggested that ADHD can be viewed as a dimensional scale of symptoms (Faraone et al., [2006](#jcpp12990-bib-0012){ref-type="ref"}; Larsson, Anckarsater, Rastam, Chang, & Lichtenstein, [2012](#jcpp12990-bib-0026){ref-type="ref"}). Not all families were invited to participate in the 5‐year follow‐up since some children had turned six by the time the questionnaire was finalized. This resulted in a smaller sample for this study, but is unlikely to influence the association between prenatal exposure to life events and ADHD symptoms. On the other hand, it might influence the generalizability of our findings since our attrition analysis showed that parental age, parity, geographic region, and exposure to some adverse events were associated with nonparticipation at age 5. Moreover, there are some challenges related to studying adverse life events. Several of these events are likely related, and it could be difficult to disentangle them. Some mothers might have experienced the events before pregnancy as the experience of events was not restricted to pregnancy, but to the last 12 months. Also, the categorization of events as dependent and independent is not always straightforward. For instance, being involved in a serious accident might be an independent event for some individuals, and for others it might be influenced by risk‐seeking behavior and impulsiveness. However, our sensitivity analysis where we re‐categorized two events did not change the results. Pregnancy could be considered a stressful event in itself, which we had no specific information about. Comparing exposure‐discordant siblings implies a selection of siblings that are likely to differ regarding nonshared causes of the exposure as well, including random measurement error, which could result in a dilution of true associations (Frisell, Öberg, Kuja‐Halkola, & Sjölander, [2012](#jcpp12990-bib-0016){ref-type="ref"}). Lastly, sibling comparisons were not possible for some events since there was too little variation between siblings, which hampers the interpretation about causal associations for these events.

Conclusion {#jcpp12990-sec-0012}
==========

These findings show that the association between adverse life events during pregnancy and ADHD symptoms in offspring seems to be explained by familial factors, such as shared genetic influences. These findings do not support the hypothesis that prenatal stress causes offspring ADHD through a programming effect and future research should focus on exploring other prenatal influences that might be causally related to ADHD. Studies investigating the influence of adverse life events in the family should focus on early childhood exposures, where the role of familial confounding is still unclear. These findings have some clinical implications; pregnant women experiencing adverse events should receive the necessary support, but they do not need to worry that the stress from experiencing such an event would influence their child\'s risk of ADHD.

 {#jcpp12990-sec-0014}

Key pointsPrenatal exposure to maternal adverse life events has been associated with offspring ADHD, but the role of familial confounding is unclear.In this large prospective population‐based cohort study, prenatal maternal exposure to adverse life events was not associated with higher levels of ADHD symptoms at age 5 when adjusting for familial confounding such as shared genetic influences.Pregnant women do not need to worry that the stress from experiencing such an event would influence their child\'s risk of ADHD.
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